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ABSTRACT

The Fedard Avidion Adminigration (FAA) isdevdoping the Locd Area Augmentation Sysem (LAAS) asapublic
use Ground-Basad Augmentation Sysem (GBAS). The LAAS Isrequired to support dl categories of predson goproach
navigation. The purpose of this paper isto summarizethe LAAStechnicd adtivitiesand program plans Arg, the
complematay rdesof the Wide Area Augmeantation Sysem (WAAS) and LAAS are ummatized. Thentedhnicd
adtivities are discussad, induding reguirements, system architecture, and flight tests: The paper condudeswith a
summary of recant adtivitiesand the FAA'splansfor LAAS

1 INTRODUCTION

11 Background and Overview

TheUS Fedard Avidion Adminigration's(FAA) Locd Area Augmentaion Sygem (LAAS) programisthe second
of two formd devdogpment initiativesamed a augmenting the Globd Postioning Sysem (GPS) Slandard Pogtioning
Savice (SPS) for dvil aviation use. Thefird of these adtivities, the Wide Area Augmentation Sysem (WAAS), isa
Space Bassd Augmentation Sysem (SBAS) thet augments SPS by providing improved required navigaion performeance
(RNP) in accureny, integrity, continuity of sarvice, and avalaaility. WAAS provides great effidency with regpect to
minimzng the required number of ground fadllitiesin providing continental coverage. For precison gpproach, it mekes
uedf adifferentid technique that provides ssparate corrections for satdlite dock error, ephemeris eror and ionospheric
Oday basad on obsavaionsfrom amnimaly-didributed network of reference dations: The corrections are broedcadt via



gpedid trangponder payloads on geodationary communications satdlitesin theform of digitd deta contained in GPSlike
ggnds TheWAASwill sstify RNP for sole means usein oceanic airgoece, US domedtic airgoece, UStermind aress,
non-precison goproach, and Category | precison indrument gpproach. WAAS should prove enormoudy bendfiad to
both the FAA (asanavigation sarvice provider) and to usars of US argpecedike It will endblethe FAA to eventudly
decommisson aved inventary of tarredtrid navigation ads (VOR, DME, etc.) a sgnificant savingsin gperaions and
maintenance cog while sarving asaaritica enabling technology for “freeflight,” aconogat for the more efident and
flexibleuse of USargpace

The LAAS isintended to compemat WAAS savice LAASusssadifferentid technique of asingle correction thet
accountsfor dl expected common arors between alocd reference and usars: Henoe, LAASwiill broedcast navigaiion
informaionin a“locdized’ savice vaume of goproximatdy 30 nmi. Thisservice volumewould typicaly encompessa
goedficarport or arportswithin dose proximity.  Although the savice vaume of LAAS ismuch ardler then WAAS
thelocd areanature of LAASisan advantage interms of providing greater accuracy then WAAS LAAS should,
therefore, be ableto provide predison-goproach sarvice beyond the cgpability of WAAS and shorter integyrity response
time Thiswill indudedl Categary | precison gpproach reguirements (higher avallaallity then WAAS), Caegary |1
instrument gpproach, and Category 111 insrument gpproech and landing. Additiondly, the qudity of the LAAS sgnd-in-
gpece should provide new sarvices, for example, arport surface navigation and sensor for automiatic dependent
aurvellance (ADS) inlow vighility. The LAAS architecturewill permit indusion of other GNSS dements (eg., Globd
Navigation Sdlite Sygem (GLONASS). LAASwill operate independently of WAASwhile bang fully compatible
withit. Thiswill endble LAASto provide asatellite-basad, independent bedkup to WAAS savice within the US

12 Soopeof theLAASProgram

TheFAA'sLAAS attivities are based on severd precursars Hrgt of dl, the FAA completed avery sucoessul
Caegary |11 feaghility study in 1995 that demondrated thet locd areadifferentid GPS wias cgpable of supporting
automatic goproach and landing. The FAA sponsored over 400 sucoessful automatic goproechesand landings Severd
dtemdive methodsfor integrity monitoring were evauated [1]. This program demondrated thet a GBAS can meet the
requirements of [2]. During feeghility testing, the FAA began to devdop aLAAS Operationd Requirements Documant
(ORD). Thisdocument isanather key gep intaking asystem conoept from R& D toredity. A discussond LAAS
requiramentsisgiven later in the pgper. Smuitaneoudy, USindustry and the FAA devdoped aMinimum Avigion
Sygem Paformance Sandard (MASPS) for locd areadifferentid GPS (LADGPS) Category | precison goproach [3].
Although this sandard was intended for “ Specid” CAT | (i.e, private) use, indudry resserch and deve opment have
furthered the gpplication of differentid technalogy. In fact, there have been some changesto the MASPS to reflect this
resserch. Findly, the FAA sudied thelifecyde-cogsof LAASto andyze cogsand benefits Thisinitid Sudy reveded
that LAASIscod judtified for useinthe USa mgor arports, Snce one LAAS ground corfiguration can provide
preason goproach for al runway ends on an arport.

Thededson to fund devd opment and acquigtion of LAAS sl pending, contingent upon budget prioritiesand
additiond investment andyss. Nonethdess sysem definition, spedification, and prototyping will go forward in the next
fiveyeas FAA planscdl for completion of aLAAS spedification for dl groundHbasad equipment and software by the
end of 1998, Minimum Operationd Parformance Standards (MOPS) far user equipment will dso be completed by thet
time At thesametime sysem requirementswill befindized, aswill sysem architecture

13 Outline

This paper fird reviews the LAAS architecture condderations and operaiond performancerequirements Thenthe
technicd adtivitiesand issues are discussed. These adtivitiesindude reguirements, sysem design, aschedule of mgor
activities, and futuretest programs. A summary of pagt program attivities, induding the Category 111b feeshility
program, can befoundin [1].



2. THE DIRECTION OF THE LAASSYSTEM DESGN

The LAAS architecture congderadions together with sysem parformance requirements sarve asthe bessfar LAAS
architecture choices and the badsfor evauation of LAAS system performance. The condderations and paformance
requirements are discusssd in tumn.

21 LAASAr chitecture Condderations

FAA ddfintion of LAASIspredicated on severd key condderdions The condderations are intended to produce a
sydem that medtsdl requirements dlowsroom for growth, smplifies the cartification process and minimizes codsto
thesavice provider and usas  LAAS program conddeardions are asfollows

1. LAASwIll bean“ILSlook-dike’. Thisassumption has profound implications. 1t not only meansthet cockpit

indrument scaing and procedureswill enulae LS, it dso meansthat the sarvice provider will have primary
responghility for integrity (safety) of the Ignd-in-gpace

2. Providean evautionary peth from Specid Categary | (SCAT-I) [3] to eesethe trangtion burden.

Incorporate multiple ground reference sations for averaging corrections and integrity monitoring.

Asnecessy, to increase sygem avalability, incorporate additiond “lines-of-pogtion” through means other then
the sadlites themsdves (eg., pseuddlites).

Ground equipment will be centrdized and indalled on arport property.

Minimization of the need for excessive reference-gaion antenna sgpardions and dear aress

Databroadcadt in exiding navigation bands

Ground sygemswill be modular in desgn to accommodate CAT | through CAT 111.

Ground sysemswill beinteroperable with each ather (CAT | through CAT 1), and interoperddle with WAAS,
but independert of WAAS

10. Additiond araraft equipment (eg., antennes) will bekept to aminimum in order to minimize cods

11. Bassd upon GPS SPS, but will dlow growth for other globd navigation satdlite sysems (GNSS) demants (g,

GLONASS).

12. Not be dependent upon use of arcrat inatid sysems, and will not be dependent upon on-board redio dtimetry

dthoughitsuseisimpliat within CAT 111 requirements

Theabovelig wasapracticd garting point for the FAA’s determination of aLAAS architecture and the system
dandards necessary for LAAS redization.
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22 Performance Requirements

LAAS pafomancerequirementsare evalving. The FAA hascompleted an ORD far LAAS[4]. ThisORD is
avalablefor public comment. It ispresently undergaing review bath within the FAA and the aviation community. The
performance requirements focus on the RNIP parameters of accuracy, integrity, continuity, and availbility. Table1
summarizes these parformance requirements as afunction

Tablel Summary of Assumed LAAS Performance Requirements|[5]

Reqpirement Caegay | Caegary Il Caegary Il
Veticd Podtion 40m 25m 25m

Aoccurecy*

I ntegyity 4x 10° / gpproach 4x 10° / gpproach 1x 10° / gpproach
Timeto-deat 6s 2s 2s

Veticd Alet Limit 10m 5m 5m

Continity 1x 10° / gpproach 1x 10° / gpproach 1x10°/30s




* For integrity, actud verticd pogtion accuracy will be gregter (0.6-1L.0m)

of the categary of gpproach and indudes the latest propossd madifications of the arigind ORD requiremants[5].

Accuracy, The position accuracy recuirementsin the above teble are given in terms of the navigation sensor error
(NSE), and are auffident for automatic landing guidence. NSE encompasses

Thesgnd-ingace erors (eg., erorsin the differentid dataand any sadlite Sgnd errorsthat may not be
removed in the differentid deta)

plus
Errorslocd to thearcraft (eg., recaiver noise and multipath erors & the araraft antenng).

Integrity. Theintegity of the DGPS datamust mest the requirement of the proloshility of hezardoudy mideading
informaion (HMI), which isreflected in the integrity requirements: The prabahility of HMI drives fault-tree probehility
requirements of the ground gation and the dert limits thet are guarantesd for obstade avoidance and path fallowing. It
should be nated that the accuracy reguirements for integrity availability are more stringent then that for position accuracy
nesded to parform successful automatic landings: Therefare, the LAAS accuracy will be sgnificantly better then thet
diglayed inthefirg row of Table 1. Itwill be0.6-1.0m.

Continuity. Lossof continuity encompasses both disuption of the DGPS broadicast detaand the satdlite sgnals
It is connected to integrity through the darm threshold setting on the integrity monitaring of the DGPS data The lower
the darm threshald, the higher the probatility of rgecting asadlite for navigation.

Availability. Availehility encompasses medting the other three performance reguirements sSmuitaneoudyy.
Therefore, it accounts for those outages of the ground and pace ssgments causad by equipment faillure and satdllite
geomdry. TheLAAS avallahility andyss congders outage duration, aswdl as outage and redordion rates Thereisa
range of vauesfor avalaaility to match individud arport requirements. The nomind avalaaility requirement is0.999.

23 SHedtion of Carrier-Smoathed Code

Sncethe carier-amoothed code (CSC) technique for the navigation solution isless complicated then the carier
phase (CP) technique, goparently measthe Categary | and 11 requirements, and accommodates SCAT-l, CSCwas
SHected for these two categories

The Caegary 1 feeshility program showed thet CSC can provide condstent guidance to an older-genardtion
autopilat in theautdland of aB-727 ararat within the touchdown box [6] aswell asanewer generaion arplane (Boang
757) [ 7], comfortably medt the Category |1 accuracy requirements, and CP hed shortcomingswith regpect to LAAS
quiddines Thus only CSCisbeing consdered for LAAS,

24 LAAS Sygem Architedture

The FAA has sdetted Ohio Universty and Sanford University to provide designs and flight-testable prototypes thet
have the patentid to medt the LAAS architecture guiddines and performance requirements. Thar work isreviewed and
gynthesized by the LAAS Architecture Review Committee (LARC). Basad on thewark of the universtiesand as
deveoped by the LARC, [ 5] containsadetailed review of the FAAsinitidly proposad (prior to harmonization within
RTCA in Decamber 1996) LAAS architedture: After harmonization with RTCA, themgor festures of the LAAS ae

1. Carie-amoothed differentid code corrections and carrier messurement corrections are broadcedt to ararat wherethe
data are usd to produce carrier-amoothed code pogtion solutions

2. Prior to broadcedt, theinitid integrity monitoring of the correction datalis accomplished by comparisons of the
corrections from the different reference recaivers, based on adatigticd gpproach amilar to [8]. Theavionicsisonly
respongblefor:



3.

Computing the verticd and horizontd position protection levds usng dandard equiations whose paramelers are
error datafrom the ground and representations of required continuity and integrity probahilities
Comparing the pogtion protection levesto ther regpective dert thresholds: This method has been called
“range-domain integrity” because the primary integrity monitoring and screening of the sgnd-inrgpeceis
accomplished in the range domain.
Thedfferentid corrections are bassd on averagesfrom a lesst twio ground reference recaivers to enhance accuracy
and limit any large non-common arors
Snce multipath isthe dominant eror inlocd DGPS, agpedidly designed multipeth-limiting antennaisbeing
devdoped for LAASreference dations  Other multipeth limiting techniques that use Sgnd processng aebang
consdered.
The number of reference gationsinareases with respect to the category of gpproach. It isexpected that Category |
will require 2, Categary |1 will require 3 and Categary 111 will require 4 reference dations with antennas sufficiently
Sparated to decorrdate multipath.
Pseudalites (ground-based tranamitters of GPSlike Sgnals) will be sHectivdy ussd a@ arportsto provide additiond
sgnasto meet availahility requirements
Sgnd-qudity monitoring (SQM) will be ussd to monitor critical Sgnd parameters such as code corrdaion
functionsaswdl asthesgnd levds Themonitoring of criticd Sgnd parametersis characteridtic of exising
navigaion aides (eg, ILSand VOR).
Hgure 1 containsaschematic depiction of the LAAS architecture

FAA FLIGHT TEST PROGRAMS

A LAAS Teg Pratatype (L TP) has been esablished by the FAA LAAS Program Office (AND-730) in order to fadilitate
the determingtion and vaidation of the LAAS sysem architecture. Thisenginearing prototypeislocated a the William J.
Hughes Technicd Center. The current LTPisa GBASwhich is bassd on asysem deveoped by Ohio Universty aspart
of the FAA’sCAT Il Feeshility Program. The LTP wasrecently flight tested in the United Stiates at Atlantic City, New
Jarsey, Savanneh, Georgig, and Bdlingham, Washington, and d<oin Canedaa North Bay, Ontario. Resultsto date
have shown thet the sysem parformsat about a 1.2 m 95 percant vertica aror, congagtent with past Ohio Universty tests
LTPflight tests which are ongoing, are an independent evauation of FAA ponsored work parformed by participating
univarsties The LTPwill evavewiththe FAA LAAS, and will be usad to quickly implement and evduate LAAS
gydem improvamats
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Figurel. LAAS Architecture Schematic




Hgure 2 [9)] illusrates how arport pseuddlites (APLS) enhance GBAS avalahility. The FAA recantly took ddivery
of three danddone APLsto be usad in FAA ressarch programs. These generic tedt todls tranamit GPSlikesgndls
however, the Sgnds are modified to mitigate interference with recgption of the GPS conddlation. The current APL can
be =t in severd pulsng modes, induding RTCM-104, with varying duty cydes, and can do operate on severd
frequendes induding GPSL1L One APL was used during the LTP flight testsin the US described dbove. Theflight test
datawill be usad to define required APL tranamit power leves Sting requirements, and the optimum pulse format.
Currently APL ranging dtaiis baing cdllected for pogt-flight andlyssto better characterize APL parformance and its
effective incorporation into the LAAS navigation solution.
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Figure2. Effectivenessof Airport Psauddlites (APLS) in Enhandng Availability
(Average Avallability Without APL = 0.9954; with APL =0.99975)

Ohio Univeraty hasbean adtively invalved in LAAS architecture desgn and will incorporate the best avallable
techniques recognized by government and indudry. A key dement to thisdesign isthe use of the multipeth limiting
antenna (MLA) which was desgned by Ohio University ressarchers. Thar.upooming flight test campaign will
demondrate theimprovement in accuracy through the MLA, and hdp to ensure thet the verticd protection limit (VPL)
and horizontd protection limit (HPL) are on the order required for Category 111 operations. The second key demant isthe



integrity dgorithmsthet OU will devdop. They will incorporate arange-doman method of integyity thet islike the one
being sdected by RTCA.

Ohio Universty ressarchershave d o devdoped an APL whichisoffsst from L1 & +8 MHz. Thistechniquecan
pulse a adower duty cyde, proposed to be 1/3, & ahigh enough power to ensure reception by top-mount arcraft
antennas, and avaid adding additiond antennasto the under dde of anarardt. Thisisoovioudy an important economic
condderation from an arframe manufecture and arline point of view, who want to minimize the number of antennes
where possble Anather important resson to avoid abottom mount pseudalite antennais the susceptibility to ground
interference sources uch as Mahile Satdlite System (MSS) users

Sanford Universty researchers have proposad another possble use of APLs. The conoept would teke advantage of
predise carier pheseinformation from APLs. Stanford refersto thisdesgn asthe“Intrack” APLs Rather then jugt
“ranging” off of an APL, additiond carrier-phase messuraments are made from APLslocated & bath runway ends[10].
Theincorparation of this APL detain the position solution is expected to increese the veartical accuracy by afactor of 2
Sanford is currently flight testing this conoept aswdl asared-timeintegrity method thet issmilar to the RTCA method.
A large-scdeflight test on an FAA Boaing 727 will teke place subseouently.

4. LAASPLANS

FAA plansfor future devdopment of LAAS are vary much dependent upon budgetary consderations. A lifecyde-
codt estimate and cogt bendfit andyssfor LAASwere completed in February of 1996, indicating thet devdlopment and a
modest deployment of LAAS sysemswould be cogt judtified. On thet bed's, the FAA dedided to procesd with sysem
goedification and cooperation with industry on avionics Sandards

Thedevdopment of LAASby the US Federd Avidion Adminigtration has begun in earnest thispedt year. TheFAA
hesreviewed the bedc prindplesfor aLAAS architecture with itsindudtry and acedemia counterparts, and arrived a
architecture condusons and recommendaions: These are currently being modified and amplified through RTCA Spead
Committee 159 (SC-159), and will be the bessfor further syslem demondration and vaidation, and eventud system
goedificaion. Mot recertly, the FAA presanted the LAAS architecture to the Intemationd Civil Aviation Organizetion's
(ICAO) Globd Navigation Sadlite System Pand (GNSSP). Additiondly, the FAA drafted and presented Sandards and
Recommended Pradtioes (SARPS) for the besc LAAS and for the VHF data broadcadst dement of the architedture: These
SARPSwill be congdered under theterms of GNSSP s GBAS and Navigation Augmentation Broedcest Sygem (NABS).
FAA godsaefar these SARPS to be anogpted by GNSSP, and vdidated for ICAO acogptance and use. Internationd
acoeptance of LAAS viathe ICAO SARPS processwill greatly bendfit internaiond aviation markets, particulaly where
taredrid navigaion aidsarefew or nonexigert.

Pog-1998 LAASwork will focus on any nesded further gpedification and MOPS vdidation. Thiswill requirea
complete prototype that can be tested againgt requirements. Madificationsto the speafication and MOPS will then be
mede asnecessaty. Simultaneoudy, the FAA will oponsor LAAS advanoed research and devdopment to ensure thet
LAAS ddfinition kegps aoreedt of technicd devdopments Hopefully, the LAAS thet is defined, spedified, and tested will
proveits merit and sour demand for acquidtion and fidding.



5. SIUMMARY

The pgper indicatesthat the FAA is conducting afocusad LAAS program that isdreedy far dong in architecture
devdopment and proof of concegpt. Required navigation performance requirements have been identified, large-scde flight
testing hasindicated thet Category 11 autoland accuracy is ataneble by acode-based Ground Bassd Augmentation
Sydem (GBAS), and an architecture that isinteroperable for dl categories of gpproach ismaturing. A schedulefor
gpadfication development, minimum operaiond performance sandards (MOPS), dandards and recommended practices
(SARPS), and protatyping has been esddlished. These ativities makeit possible to procure and implement apublic use
GBAS by the beginning of 2002,
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